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(54) STEEL HAVING HYPER-FINE CRYSTALLINE GRAIN STRUCTURE AND ITS 
PRODUCTION 

(57)Abstract: , 
PURPOSE: To produce steel products having hyper-fine crystal grain structure and having 
excellent strength and toughness by subjecting an alloy steel contg. specific alloy elements to 
carburizing, nitriding or carbonitriding to precipitate carbide, nitride or carbonitride and adjusting 
the size and amt. thereof. 

CONSTITUTION: The alloy steel contg., by weight %. 0.01W30.0% Al, Ti, V, Cr. Mo, W, Nb, and 
0.01W10.0% 1 or >2 kinds among Zr, Ta and Hf is given stress by warm or cold rolling and is then 
subjected to the carburizing, nitriding or carbonitriding treatment to finely and uniformly 
precipitate the carbide, nitride or carbonitride. The alloy steel is otherwise first finely and 
uniformly precipitated with the carbide, nitride or carbonitride and is given stress by the warm 
or hot rolling and thereafter, the alloy steel is recrystallized by annealing. The alloy steel is 
otherwise uniformly and finely precipitated with the carbide, nitride or carbonitride and 
thereafter, several sheets or several tens sheets thereof are superposed and subjected to hot 
working and joining, then further to hot and cold working to be given stress, following which the 
steel sheets are recrystallized by annealing. The steel products having the hyper-fine crystal 
grain structure and having the excellent strength and toughness are thereby produced. 



http://www^ 20W0V06- 



© » hf ffi m 



® 'Jk ffl 4# I* 2r $g (a) 0H63- 125642 



©Int.C!. 4 

C 22 C 38/28 
38/00 

C 23 C 8/22 
8/26 
8/30 
8/46 
8/50 
8/56 



3 0 1 
3 0 2 



BS^63^(1988)5 ^28B 



N-7147-4K 
Z-7147-4K 

6554- 4K 

6554- 4K 

6554- 4K 

6554- 4K 

6554- 4K 

6554-4K3K»»* 5fcHf# ^53^^ 5 (±8 5) 



©& m m 

©& m m 

©m bj =g 

©& w m 

©ta m a 

©ffi A 



®*& ISB BS61- 269719 
@iU KB PS61(1986)11^14H 



n\ m m = 
m k ^ — 

&m± 'b)\\ m = 



'Eumiik&mmtri® its i -65 

'gi&milh-&lfi±te 3TI 5 -20 
^mt±m±M'0 2TB 10-28 

s^foj-^m^w^feffia 2 o 9 

•SJ&ifcflU^fffiSS^ 1 T@ 1 - 65 

^m*Q , mm>%&g.BTnm i mm 1 4fft& 



m m m 

2 . #?MI»3R©KH 

1. A i 0.01-30.0%. Ti 0.01-30.0%. V 
0.01-30.0%. C r 0.01-30.0% . Mo 0.01- 
30.0%. W 0.01 -30.0%. Nb 0.01-30. 0%, 
Z r 0.01~ 10. OX. Ta 0.01 — 10. OH. Hf 

o.oi~io.o%* 1 as *:« 2 aia-ts-*^ ssp 

Fe pJSe^&fe^ £>fi£ * - SIS. £ 

2. A e 0.01-30.0%. Ti 0.01-30.0%. V 
0.01-30.0%. C r 0.01-30.0%. Mo 0.01- 
30.0%. W 0.01 —30.0%. N b 0.01 — 30.0% . 
Zr 0.01-10.0%. Ta 0.01-10.0%. Hf 

o.oi~io.o%* i a* fc « 2 afci-t^-*-. ^efi 

fc ti "/ft Rfl fln I c <fc iTSi4ifc8. » & . a! 



* 4 n a m. m < 1 93 * *=> - r -o m tz Br m <* * * 

ilsjl^lcHJiSa^-lf-iCLtCfc-jT. <&mi&fk 

3. A £ 0.01 — 30. 0%, Ti 0.01 — 30.0%. V 
0.01-30.0%. C r 0.01-30.0%. Mo 0.01- 
30.0%. W 0.01 -30.0%. Nb 0.01-30.0%, 
Z r 0.01- 10.0% . Ta 0.01- 10.0%. Hf 

o.oi~io.o%* i a * 2 *tjy_h3-*. «sb 
*Sft*a*fl*s**r-f*si*siiif4;i5-?£. 

4. A « 0.01-30.0%. Ti 0.01-30.0%. V 
0.01-30.0%. C r 0.01-30.0%. Mo 0.01- 
30.0%, W 0.01 -30.0%. Nb 0.01-30.0%, 
Zr 0.01-10.0%. Ta 0.01-10.0%. Hf 

o.oi~io.o%*ias/cit2ajai^*. «gu 



i 



—221 — 



2 



tffM63-125G42 (2) 



Pol 3[)D X * if T m & L . £ K a Pol £ i* & Pal Jm 

£ 5 «JK± ^JBtt©**M*"* 

5. A * 0.01-30. OH . T i 0.01-30. OH. V 
0. 01 — 30. OH. Cr 0.01-30. OH, Mo 0.0L — 
30.094. W 0.01 -30. OH. Nb 0.01-30. OH. 
Zr 0. 01-10. OH, Ta 0.01-10. OH. Hf 
0. 01-10. OH^- 1 /c 14 2 Ml^Jt^-^s 

fi{fc* * tti!ft^a^fctt«:«k r> T^^bft. a<t 

iiiawisAfaffliKfc^r-r « 

3 

& & *> *) * fc ffl 3 T « ffl f * 4 c fit ft 63 * t§ A 
£ SB (21 CD 3r & T \t . — ft C -7 MJ y * * © 

*?fma^s:it^)-r^©T^2ffl^^ — . » tn a. o 
#a^eftB^^^i*'^^^^. ^2^^^- tew 

& £ -£ * tf> K ti . $fef^2ffl^^8C"7 MJ v * 
*5 & ri< & ^ <h * . ^/ctffdiS^^atC^^^^ 
£ 3$ 2 ffl^4)Kl/TLit\ » fMI: © B «fc 

IS fUL r * o . 

(rasa* * 



(j££JL<Dfl]fl!#IF) 

fc**itt«BK:JJrdi<*-tf:* £ ± IZ J; o T *£ il *& £ St 
filifcl, & ft tB *£ A ft *B l& <!: Lfc* ffilg£**rU. 

MjaK7^Lt<ftiikt (2) : 

ClP2ffi*»faj$H*-(l)OSfSiit£i:ffl^-frTttln 
4 

* c t £ * . ?Kt> 

1. A 2 0.01-30. OH . Ti 0.01-30. OH. V 
0.01-30. OH. C r 0.01-30. OH. Mo 0.01- 
30. OH, W 0.01 -30. OH. Nb 0.01-30. OH. 

Z r 0.01- 10. OH . Ta 0.01- 10. OH. Hf 
0. 01-10. 0H^ 1 *££ ft l* 2 fSJa±£-^ ££68 

Fe *?«fcU c ^^Tfifi«l^t««J^&**. ^ 

2. A « 0.01-30. OH. Ti 0.01 — 30. OH. V 
0.01 — 30. OH. Cr 0.01— 30. OH. Mo 0.01- 
30. OH. W 0.01 -30. OH. Nb 0.01-30. OH. 
Z r 0.01-10. OH. Ta 0.01- 10. OH. Hf 

o.oi-io.oH* i us fctt 2 mm .ts-*. 
Fe ^^i^^orii?6*j^^%)^^^c^ia^aPni^ 
« » PbT »d x iz ^ -o t & & 4- ^. ^ & s . a 



5 



—222 — 



6 



4 ft 



m 0363-125842 (3) 



t m*$iz fttn&z-tt * z t c ^ ^ r s tat*a*3& 

3. A & 0.01-30. OX. Ti 0.01 — 30. OX, V 
0.01-30. OX. C r 0.01-30. OX, Mo 0.01- 
30. OX. W 0.01 -30. OX, Nb 0.01-30. OX, 
Z r 0.01-10. OX. Ta 0.01-10. OX. Hf 
0. 01-10. 0X£ 1 it tt 2 il#±3-*. 

gi , b£*^tr£&gfb&C^T|2tt$9. £4b 

upma** * c t c cfc -> t . sata 
$s ii ta*a w * * r * » * an ift r * i* . 

4. A 2 0.01— 30. OX. Ti 0.01-30. OX, V 
0.01-30. OX, C r 0.01-30. OX, Mo 0.01- 
30. OX. W 0.01 -30. OX. Nb 0.01-30. OX. 
Zr 0.01-10. OX. Ta 0.01-10. OX, Hf 
0.01-10. OX* 1 fc tt 2 *IJy±^*. 

Fe <&<fctf*^iBtt**€tt 

7 

* % «B a m ffi Pal is * * m rk + z ft #> <d h <d t . 

sir * c i « < * s^b* * tt««a^*5 
ai^Tx ^{fc%. §r<-bS9. $i&<tito*:mj& s * * 

H * f*j /i f*) $ : -7 h i; sp ? % 0 % s ft £ ^ $ ^ 
H Wf Hi ffl * £ ft K # fifc <* -ti: * d <h ;>>< £ 5? T * * . 

M C M (M : Ti , Nb. V, Ta , Zr, Hf, W ) 



Pel JroU £ ,T T & L x J? C jfi Pol £ # Pal 

5. A £ 0.01-30. OX . Ti 0.01-30. OX, V 
0.01-30. OX. C r 0.01 — 30. OX, Mo 0.01- 
30. OX. W 0.01 -30. OX. Nb 0.01-30. OX, 
Z r 0.01-10. OX, Ta 0.01-10. OX, Hf 

o.oi-io. ox* i as *: «: 2 aiy_bt£**. m& 

Fe ^ck^^^S^^^^^^^^^Ccf^. 
gtefc * H tt&&g<bi£K: «fc Tifctefe. SIC 

8 

WNl (M :Ti, Nb, V, Ta , Zr, Hf, A£ ) 

M(C,N) (M : Ti, Nb, V, Ta, Zr, Hf ) 

Mr CI (M : Mo . W) 

Mz Ng/ (M : Cr . Mo , W) 

M n C» (M : Cr , Mo. W) 

M t C, 2- (M: Cr ) 

M 4 C m~' (M : Mo ) 

t&o ^<z>*raA?i£TKi£r ^ turns izK*. ft m 

©C*^C>tiN^^S*llf$PSJ^Toa<*:b/:^ 
*^53L.^^^c?5^. Sffc** Start: 

£i5%i«^«t^a©tffa5fe*^#ft^?5E*-t*-*C: 



9 



—223 — 



« ft 



1SIBB3G3-125G42 C4) 



febl b L < It ft RSI AD XIZ J; *> > 5 - 95 3* 0> Jjn X * 

& » <t r * # ffi „ 

< «?£Ph1^jX^ J; *) 5 ~95HCD»0X£;jD;iT^* 
500 - 1000*0 T ffiSe Listed £ * * C t 

i«:n^©^^^ijfer *iek> g<k&* 

W^m*$t7L * C <t IZ £ ^ T C . NCD£-*f&. (£ 
1 1 

c tihicn LXftwiz* * ts stats jurasara* 

3![i§c*ft**><Z>T. ft**£#ftbT^*&iSigi 

/n * j«OR»1%t>lT^n-t^^^<. * % ^fl rfn £ it 
« LTtt*?*S»»affittffi < (10-40* m) . n°n ® 

Ti. V. N b , Ta. Zr. Hf ; £ ft £ © 7C 

li t * T ft t> M C . MN. M (C. N) S3 0 fls 
%J £ j£ L x JL^Cn^CDTC^O^-^^feti^ 

1 3 



^^©t>0*Kii*T*5Cti. 0.5 ~ 2 « © J£ £ G> 

L < ttafflJlIICJ; o Tg**^i . 500 -1000 

^ * n li SHI: * fffl#ii£BS)S 

— /&tttfjftAft&K c fc^T^ffiJSK^;i'^v^ 

1 2 

^|ffl^^i±^^^'x*T^^^<cft^c>^^«a ; £'^ 

fife U h U v ^ A * Ift^fc * * * © T v Ti , V. 
Nb tZ. O^T «30.0%mT. * ©itil©7L^tc: -?lr> 

a a*, c ofc d^tt < <t 60.oiHi^Jz^^u 

v> a t mmx.&feKm<tvi&j&i£ i*T&fls<* ft£ 

< < * ©T±PB{®^30.0H i L/c. 

Cr . Mo , W ; Cft^07c5ftltM,NS/a>^^ 

^/KL,a^7C^T*^CDT_bPafS ; &30.0^ci:bfe. 

( m us (A 1 3 

£ I ^L/c^a^f?SU &Bl©a*. » Prfl 
1 4 



—224 — 



HBSB3B3-125G42(5) 



38 Si 



££3 
Ko 

-IK 



K 

J= *- 

CO 



coco 

CDCN1 



-4 
co3336 



-CO 

CD t*> 

CD f\ 

CTj 



CM CNJ CO 

d too 

3lO 



■ — ' CM CO kO CO c — 



<zi en 



4s 



KM 



CO <T> 



HE 



±* i£ 



1 5 



1 6 



*& H* 3? & T £> *) s ^10tlt^tt)t>A^I«C* 
t IS ft £ *i * . 



3* 2 



I 








tt s 




Na 


Kg/no 2 


to& 

(X) 


®£ 
Hv 


» K ffl 

(20 ) 
Kg.m/cn* 


(r ) 


1 


80.7 


34. 1 


239 


32.5 


- 135 


2 


85.2 


32.7 


255 


30.8 


- 120 


3 


100.8 


29.5 


298 


25. 1 


- 72 


4 


145.6 


12.6 


422 


8.7 


- 45 


5 


185.3 


2.8 


555 


2.5 


> 100 


6 


120.6 


26.4 


360 


18.3 


- 65 


7 


130.5 


18.6 


383 


15. 1 


- 55 


8 


72.3 


25.6 


226 


20.4 


- 60 


9 


127.4 


5.8 


381 


1.3 


> 100 


10 


170.5 


0. 1 


504 


0.2 


> 100 | 



intern 2 ) 

# 1 O ft m. * fife L tz Na 1 S. Not 2 
# PdT HE 5<£ £ T **j 2 0 % CO )m X £ ff * 850 r 

t i b$ r R i % . m a * Hi- /c ?s m , * 4x n *s a 

tt<£*><4.3 //m&tf3.7 // m £ & ft X fa t® K Jfe $f, 
13L « HI * *T f ^» ta * l# ^ C <t ^ T ^ . C H ^ © 



1 7 



1 8 



—225 — 



HiaB3B3-125G42(6) 



«r4Ni**n'enii. i2^l. & <* 0 at » h is & 

£ 3 



Na 


Kg/urn* 


WO* 
(X) 


Hv 


M & m 

(20 *c ) 

Kg.ffl/CB* 


CO 


1 I 


85.9 


33.8 


260 


31.5 


- 135 


12 


93.8 


30.9 


285 


30.6 


- 125 



C£tt04 3 ) 

m. 4 a>Na2l&tfNa22tt& 1 CD * & 91 ft * 1 & 

Na2© i »jsc©«ftK»r4*2 o m *i . ft 

lOOOr ©J*P a TSSigr-C^15«CfEI? £<?C12» 
^ T^RaEEii-dTV^ 5&^850 *c 7? 1 I* frl flu 5* & 
«|S&. 180 r T 3 &#Pu1&*6 b rt: t> © . £/cNa23tt 
jtt5^TNa21tCffl^t-^^^^^^tT^nT^* 

t«tti 6*u < r»iJiu/cc 

35 5 1*1. W,Sffll'£. * tl¥ tlto2l ttb23<Dffi*£ 

1 9 

$ 2 H « * % 9! Na 5 *r * # na Xra X . S ifc n 

m 3 nott jt« wife 8 tt*ftmni\x&. &i&mu 

36 4 (EIiiJt^^iteio^^tfc^SL^ *>cr>K:o^ 
T to & jR IB ft & s 

gi5itt*»?i!Mi2moifi»a»afl>a«)i L o 

# IS * ^ r E rfii bi . 

4*WU3IMA ® m - 

m % n 1 s a a ^ *t 

#H!± # H3 iffc 



:*#&©tt!UUt <»ffM£*^L*: 9? 

* ^ c: m 2i tt4<ffn^»a5iitt«w urt> * c <t 
^ ^» * * . 

It 4 



to 


Kg/nn' 


(X) 


Hv 


W Iff lit 
(20 X ) 
Kg.a/cn* 


(r ) 


21 


158 


24 


462 


9.5 


- 95 


22 


138 


28 


409 


12.6 


- 118 


23 


143 


17 


421 


2.1 


- 15 



MSST^i, 9]giJXMfflXo-T^ J :-^-v7- 
«UfcJ£ft*;*X. LPG , etc.) 

2 0 



—226 — 




—227— 



* ft ^R]B3G3-125G42 (8) 



0 5 0 




®mt. a.« tasuis-f- /frtfiisf 

C 23 C 8/66 6554- 4K 

8/76 6554- 4K 

// C 21 D 8/00 D-8015-4K 



—228— 



